A method was found for the in situ activation of the latent Ca-2+
(EuCF&)2 has always been considered the exception among chloroplast coupling factors (CF.) in that its Ca2+-ATPase was not latent, but apparently fully expressed both in situ (11) as well as in vitro (2) . The methods used for activation of latent ATPase in CF, from all other sources (5, 13) only caused a rapid loss of activity in Euglena chloroplasts and in isolated EuCF, (2) . The only evidence for possibly latent activity in Euglena was the limited light activation of ATPase activity demonstrable in isolated chloroplasts (4) .
We are reporting here a unique method for the in situ activation and resultant solubilization of EuCF,. The resultant increase of activity ranges from 5-to 18-fold, but is usually about 10-to 1-fold. The method does not appear to work with chloroplasts from other sources.
MATERIALS AND METHODS
Euglena gracilis, Z strain, vfere grown heterotrophically and the chloroplasts isolated as previously described (3) . They were finally suspended in a few milliliters of the grinding medium (0.3 M mannitol, 25 mm Tris-HCI, pH 8.0, and 10 mM NaCI).
ATPase was assayed as previously described (8 Protein was determined by the method of Lowry et al. (9) , Chl by the method of Amon (1), and Pi by the method of Gomori (6) .
RESULTS
Washed Euglena chloroplasts were diluted with 20 mM NaCl + 20 mm Tris-HCl, pH 8.0, to 0.5 mg Chl/ml and were adjusted at room temperature to pH 4.5 to 4.7 with 6% acetic acid. They were maintained at that pH for 2 min, after which the pH was raised to 7.5 to 8.0 with 2 M Tricine (pH 10.5). This treatment both activated the Ca2+-ATPase and solubilized it.
The chloroplast suspension was centrifuged at 25,00Og for 10 min, the supernatant saved (extract I), and the pellet resuspended in the 20 mm NaCl + 20 mm Tris (pH 8.0) to 1 mg Chl/ml. The activation was repeated, and the suspension centrifuged as before; the supernatant saved (extract II), and the pellet discarded. Two additional activations and extractions of the pellet yielded only minimal amounts of additional EuCF,. The results of the activation and extraction of chloroplasts isolated from 25 to 30 g wet weight of cells (1 L growth medium) are given in Table I .
Five per cent glycerol was added to all extracts after centrifugation.
The optimum pH for the activation was 4.5 to 5.0, as seen in Figure 1 . At pH 4.0 and below, rapid and irreversible denaturation of the enzyme occurred, and longer activation at pH > 5.0 did not increase the activity or shift the pH optimum. The optimal length of time for the pH 4.7 treatment was about 2 min, with gradual inactivation when held for greater lengths (Fig.   2) .
In contrast to the previous methods for the isolation and purification of EuCF, (2, 8) , the new method gave consistent preparations of high yield as well as high specific activity in the crude extract. Furthermore, the variability in specific activity of purified EuCF, and the frequent loss of activity during purification were reduced (Table II) . The specific activities for Ca2+- Tris (pH 8.0) to 500 ,g Chl/ml, were rapidly adjusted at room temperature to the indicated pH by the dropwise addition, with stirring, of 6% acetic acid. They were maintained at the low pH for 2 min and the pH then raised to 7.8 with 2 M unadjusted Tris. Figure 1 , except that samples were removed at different times after adjustment to pH 4.7 and rapidly brought back to pH 7.8. ATPase of both the activated chloroplasts and of the purified EuCF,, homogeneous by PAGE, were the highest we ever reported (2, 8) .
Only EuCF, bound to the chloroplast membranes could be activated by low pH. Enzyme previously solubilized and isolated by dilute EDTA extraction or by chloroform treatment (14) could not be activated at all by treatment with low pH. The low pH treatment could not activate or solubilize CF, from chloroplasts of spinach and wild onions, nor could it activate isolated spinach CF1. Polyacrylamide gel electrophoresis of EuCF, purified by two passages through a Sepharose 6B column as previously described Table II . Purification ofEuCF, from Activated Extracts ofChloroplasts ofEuglena gracilis Pooled extracts from three experiments (see Table I ) were concentrated in a Diaflo cell using an XM-50 membrane, and applied to a 2.5 x 95 cm column of Sepharose 6B (8) . Pooled (8) , and as could be expected, the specific activity of activated enzyme was not increased by the antibody to the e subunit of EuCFI.
The residual ATPase activity in chloroplast fragments, twice activated and extracted by pH 4.7 treatment, could not be extracted by either 1 mM EDTA or by chloroform.
Euglena chloroplasts treated at pH 4.7, with the resultant activation of the Ca2+-ATPase, completely lost their capacity for photophosphorylation even if activation was incomplete, as was usually the case when the chloroplast suspension was more concentrated than 1 mg Chl/ml. She addition of EuCF,, isolated by either the EDTA extraction or by the pH 4.7 treatment, could not restore the photophosphorylation activity.
DISCUSSION
The ability of an organism to exert control over the activity of its F1 is crucial to its survival. While the activity of F, in mitochondria is controlled by a reversible binding of a small peptide, the mitochondrial ATPase inhibitor, which is readily dissociable (12) , the control in CF, appears to be more complex and does not involve the reversible association of a soluble peptide (10) . CF1, from all sources thus far investigated except for E. gracilis, has only latent ATPase activity when isolated and requires activation by such methods as heating to 60°C in the presence of ATP, treatment with reduced sulfhydryls, by mild trypsin digestion, or others. The experiments described here show that EuCF, is also a latent enzyme requiring activation although by a method quite different from that effective with CF, from other sources. This uniqueness of CF, in Euglena is in line with
